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2 (57) Abstract: Hearing aid with a controllable directional characteristic having at least two spaced apart microphones (Mic 1, Mic 
2) in at least two microphone channels, at least one signal processing unit, at least one output transducer and a directional controlling 

^ system, with means for adaptively matching the characteristics of at least two microphones. TTiis novel hearing aid comprises an 

^ adaptive phase matching circuit (1), inserted into said at least two microphone channels, the ad^tive phase matching circuit (1) 
having its outputs connected to an acoustical delay compensation means (2). followed by a parameter control circuit (3), the ouQnii 

Q of which is applied to a controllable filter means (4) inserted into at least one of said at least two microphone channels inside said 
ad^tive phase matching circuit Preferably filter means (5, 6) are provided in front of said acoustical delay compensation means 

^ (2), which could be used to eliminate DC components. 
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Hearing aid vfith' adaptive matching' of microphones 



The invention relates to a hearing aid with a controllable directional 
^ ^„ characteri^tic;:chavjng ar least twa^.spaced^apaft- microphones in at 
<: : i ■ least two :rnicr„ophone xhannels^/ :atrleast one processing unit, 

"::: ji: :^at i'eas.t one. OutpuL transducer and ci directionai- cbnti^olling system, 
V ' ^ with means ef adaptively rnatching:^ thfe> characiteristics of at least two 
: ^-^ / : . ■'microphones^' .e;jt-.'.. ^ ^ -i^rj'--^- 

Background of the invention 

:* i . Ir;j i hearing afcd systems.: of this typeu u^ing a^t l^ast two spaced apart 
microphones, it is known thatjn the technique for controlling the 
direct'idnalitv^'and beami forrningv:. using multiple microphones, usually 
■ . ; % :twc> :7niGrbphones, :the 'realization depends 6h th^ ' microphones being 
: ; - 81 ^atqhcd-^as:.closely as- pass4ble^ wItN resp^ time and phase 

: ■ ' ^ " relatidnshrp as. weHras! their^sensltivit forming techniques 

^ , make . use of the^ time/ phase difference between spaced apart microphones 
with respect to the direction of the sound received from a sound 
..^ .source, _ . , „ . . 

. ,^Th^ .dif/,erence i microphone deter- 

. ^.^^ X ^ miQes ajt,^^ angles,^ the^:^^^ djxectianal characteristic 

will be generated - 

Any disturbance in this difference in arrival time will disturb the 
position of ^the i'eVo's in s behaviour will, 

' ' Dif^^ ranees fh the sensitivity "B^tv^e^n' hea'Hri§ ^ a microphones of the 

' :: :;r:i;TRv ~sam^rtvpe.vcauld;::becas ;l^ result in a directio- 

'^o na1r:^behav^our ,i that^rrc; fare practical use Is even there 
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The difference in phase could be as large, a| 1 0*^. at Jow frequencies, 
which is due to production tolerances in connection with the lower 
cut-off frequency in the microphones* 
;■ ^ V if. ;■' '■ 5'' ' '■■■:^s..'o"> )\ . -/r n"' 

. ^ L^n ^hearing aids rvi^ith> preferably two microphones they will be normally 
.placed ppart ,by ^a-distance .of ^ ,cm; This':e^ to an acoustical 

dejay b^tW(een-! t+)e. rtiicrophones of about SOps^ Disturbances in the 
r -arrival . Jim^:;epuld:^ of course be very severe";^ because they could in 
fact be larger than the actual acoustical delay between the two micro- 
phones . 

A way to overcome this problem has until now been to use microphones, 
which:.were matehed their sensitivity and>phase by the supplier. 



However, ;;yiere are, some; 
1 ♦ iMjqrophQn^Si'r^an not 



drawbacks in tth^s method :-o 
-be matched better, iniitheir/jsensitivity by 
i the^suRpliec than to , about tt^S dB.o Howeverp o,5 dB is enough 
t©^degr^d<Bv the I directional behaviour heavily a tr2 00 • 300 Hz* 

Microphbiies't^^^ m phase than about 2^, 

because of 'th# h"eede9 pfecisio In tHe eejufp'ment used to mea- 
sure the microphones, 2^ corresponds at 200 Hz to about 28ps, 
which in many cases is enough to move the directional charac- 
teristfcf * ^o'^'th^t^ciFi^^^^ to be 

^ ^ ■ ' d^fVlp^d^ ^-'eh^^ih "^rffosr undim ahcl '^here'fbre' will be trans- 

mitted with the sa 
desired direction. 



mitted with the same strength as'fVie sfghal^cdmifig from the 



3,^ The; tNA^o eleC;tric^l . inpjL^^ be matched 

as well> for the. begm fprp}!^ tcj. wofk^wej implies a 

special selection of the components to be used, because the 
; tolerancps^ of , e^g . cpp^qit^cs a^f jn.ot suffi^^^eqt^l^y , i^a^'row. 

^, ' In case of ontfi microphone 'or ^otliter-teompoT^ defective, 
' it will ^be necestsary^ ^0:1 exchange all. mtcrophoneissi (or other com- 
ponents) as matched sets which will make the necessary service 
operation much more expensive. 
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' 'Stimmary -of the invention ' - ^ ^ 

It is, therefore, an object of the present invention to create a hearing 
aid-'confainlng-'specil'ic circuitry for per^ running adaptive 

matching betvveen the inputs bf mitro'phohes and electronics for both 
the low frei^uency phase/ tirnie respd also the sensitivity, so 

that there will be no need for pr^qise selection of matching microphones 
. ^ and electronics.^ It :Will r^ther.-.be -sufficient to use randomly chosen 
micrpphones .and.iconjponea^ of theJn /respective types as long as they 
are within their production tolerances , ;:> 

r. r f:: . no:: a.s ---^-^ 

This will also reduce service costs considerably, because microphones 

and components could be changed one piece at a time. Also, the effects 
of aging and changes due to environmental stress ^ may then be compen- 
sated for by the present "invention. Particularly, the new adaptive 
itfStching u^es ^ho ^dditioh^^^^ signals 
^••^ being' p'resenii^^at' the micrbpKdnfes ^at an^ t^rrfe. " " ' 

These Arid other objects^ tfie iri</ention will Be achieve by a hearing 
aid of the type referred to above by using an adaptive phase matching 
circuit inserted into said at least two microphone channels, the adaptive 
phase matching *6i^xuft ftaVing^^i^^ acoustical delay 

r ;<^omp^ms^tipn me^f;is fqllpvy^e^d* byr, a -pa^Fanieter' contra the output 

of -vyhi^ into at least 

pne ^pf, said. at le^t.^tyvprn^lc adaptive phase 

, .-rf^^tching .^Srcuit. means are provided 

in front of said acoustical delay CQmpens^tiGn n;)e^;nsv -d: 

J T^Sjdnvjentjopj^^viJ^ ^ with the 

y ^^^com^^nying, d s.or.:^ '^r^:^ .r 

.Shoi^;.9ie§cr!ptjon .of ; the. d?:ja^ings.;. , , : . 

In the drawings - ' ^ ' 

Fig. 1 shows a first implementation of the invention; 
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Fig. 2 shows schematically ^ . the, circuitry .pf , an ad phase 
matching circuit; 

, • . , ^ ,Fi.g .^ 3.^ shows .schemata the acoustical 

, . - . , dejay ,jCQmpen^at^ into the 

.. . , - ' adaptive, .pha;5,ematc|iing cl^cuii^i.^ ^r;- 

■ . ■ ■\. Frg.-:^**:^arTd ^Fig^'^S . ^^''^ • ' ^' 

: ^ - < ? show sehema'tlcally, further'' im'p of the in- 

5' qy ' ■ Ventiortv addition&ll^^^^ 

circuit arid- \^ ^ ' ^ 

Fig. 6 shows schematically, the circuitry of the adaptive 
sensitivity matching circuit. 

Detailed description of the invention 

, , While -ay^ Gpera,tio;n& o^^^^^ be desciribed^Tfoir the vamous 

embocfiments ,,Gf th^ inventj<>n^ are^e^^^^ digi^t^l implementations 

and, normally, will use highly integrated circuitry, it is to be under- 
... , gtqod. thj^J: , ; j^n^ princjjp^e, tj^e ^nti^e circuitry coulcl gJsq- be implemented 
in analog technique.. ^ - / ^ . ^ 

^^'-^ ^'^'Sinee an '^ignals'f fe^an^ form, it is 

/ cMi to be 'ilinderstoda*' that leasf two mttrapHibnes and the 

:q i^ i -'' : digital ci^cuit^' of' the Mhsi^eHY analog to 

^ digital fcbhversldn* 'has '^^^^ fios^iWy 1bV ukihg sigma-delta 

convers^ibn tfectOTqu^sV C^^*'^ i£>: ^ 'joo6 b;H^ r : i r : 

The-first emboBime^^^^^ 1 and 2 

comprises an adaptive phase matching clr'^cuit- 1 with-'fhput terminals 
a, b and output terminals c, d and contains an acoustical delay com- 
pensation circuit 2, a parameteiP cohtrol me'ans-a -and' a ' c 
filter means ^, ::^-.,;:'V t^r' ,! 



BNSDOCID: <WO 0110169A1.L> 



\VO 01/10169 



- 5 - 



PCr/EP99/05621 



' The iadjaiptive phase compensation ciFcuit is ^provided for compensation 
or the said at least two microphones. In a test environment the phase 
compensation could fae based on a test sound generated by a test 
sound source fixed in space, to be used during an initial or periodi- 
cal adjuitbent procedure. However, in practical "use, and since the 
test sound, preferabi/, should be in the audio frequency range, a 
test sound source fixed in space is not convenient for a continuous 
* adj ustmerht ! during normal lise. Therefore, fn- a -^preferred embodiment 
J of the invention^ this compensation may instead be based on the sound 
present/ in:^tine surrounding-space. ^ t ii 'itz^.sz. 

If the miGrophonesrwere:'>Pece exactly- the saW' sound signals, 

u the only difference ::woald^''be the ihhererit ^phase 'and'^^ difference 
(apart^^from vther differenfce ^iri ^Wnsitivity)^ ^ ^' ■ 

: -rT^his jTieans that an' ^ rhay^oWiy be achieved, if 

the microphones receive th;& -same Sign^U-^ivG.^ signals 
arrive at exactly the same time at the microphones. The microphones 
v;Li;ll^^of OQ:urse^nbe '^placedi with'a^ other which will 

1 i in fact; . rasuit In lime delay ibetweeh :th^ microphones, depending on 
the locationoof the acous^i^alr sign^l^^urcP^ 

Tio; The soiand nfromjlthci envfrbr^m^nt ' doe ^nedressarily- arrive at the 

7 eimicropiiones .at the.Jsame-trm'e^ ^trHtf^^ arrival tihrfei are normally 

different for the two or more microphones anaV of tours change. 
Thus, the sound signals will have a certain delay with respect to 
eachciotheD. Therefor^^^^^h^^coiiis^ical delay has to com- 

:i f pensateifor this3de!ay'' to^ltreate upon the 

b! sour^dr^pi^eseaivt: in fhe'sur r^^nd; -^^'^^ • 

For this purpose an acoustical delay compensation circuit is connected 
-ralathevouiptift 'Side^ .ati ttenitdnaJs cr^d "of rthe= a phase matching 

t reincuitiJ:. ThisoacausticalrdetayrGompensati'on: ciri:uit '2 'with its input 
slJterminals e, :jf iand>3atpi'tit:r1:e1?mi tries ta domperisate for this 
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delay by applying an extra delay in at least one of the two microphone 
t*^C adjusting it, until a mjnimt}m difference, between the input 
signals of both microphones is achieved. 

For cdntrolling the phase matching a parameter control circuit 3 is 
cbnhected at the output terminals, g, h of the acoustical delay compen- 
sation circuit 2. v 

, SjJch,:.a^parameterr,€orjtrol eircujiti , in priiicipite, performs some compa- 
- Aispn._ betNyjBe^^^ case of thff acoustical delay com- 

pensation circuit 2, ,,-and,^etecmi.nes in which: v^ayt control values have 
to be adjusted for the circuits to be controlled, in this case a control- 
liable. -filter- .iU -are integrated to gene- 
rate 4he control parameter sowtn tch caonhe^u^ eontrollirig con- 
trollable devices; ^clreuHs a:r ttre ^jke.-As.^^^^^ this adaptive 
phase matching circuit 2 contains at least one controllable filter ^ in- 
eluded in._at cle^ast ror^e of ,tfhe: sajdpat-ileast-lw^^^ channels 
rinside ^the , adaptive 'ghc^^e ^matching, ei ^luq ^v:; - ^ 
->i ■ -s j'"- • - jir-'i b^-'C • * ^■■ns.; t J" 7i.r " ..-'-/i'l 
, How<Bver, it is prefecre^drtov^^^^^ fiiter 'Tneans 5 and 6 which 
are, connected tprt^e..^^^ of thei adaptive phase matching 
circuitc^nd , ar^e/afirjan&^didrt sfnor»t of. the acoustiear delay compensation 
circuit 2. It may be advantageous to use high pass filters in front of 
/rr;the^ acptjsti.§ftl d^ay^^ntpeHnsatitm iCi rcUitnito iremove DC components. 

l^Hs ir? ,fa[gt^tgferanae,t!h6iamp*iiiHie speetrum'^^ for the lowest 

^eirequenciesr;*^ ^i^ncriqo'::-* n eiorn -:o c- -:: i.; iC7 jiiSioVu") 

i Qn ;^,he:.pther :l[)^^^ could cbeieither an all pass 

c filter , -or^a J:\igh- t^ass.'fifftec^i^T:^ perform: the phase matching 

arid, at the samertimg in:cas:e -of -:a hrgh; pass^-filterv.jcould perform the 

elimination of any DC components as well. 

;AS can. be;:seeni.:frombFig.::3.vi'ilrh^ei^^^^^ JdeJay: compensation circuit 

^Ivcontgins _ariother pi^rameter.^cohtrol'/.circuit cibrihected to the output 
. termini's '9, y h ..of I safcdcCinGui^biandv controllable delay device 8 

inserted into at least one of said at least two microphone channels be- 
tween input terminals e, f and output terminals g, h. 
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MoWever; it is certainly of "ad vantage to use an adaptive sensitivity 
' m^tchfrl in front of thie adaptive phase rnatching circuit 1 

'"^fe described in cdrihecttdn wilh Figs, 1 to 3"! By letting the sensitivity 
matching depend on the signals after the p^ase matching , as in Fig. 5, 
amplitude errors introduced by filters before the phase matching, or 
by the phasfe matching Itself may be compensated. This compensation 
nia'y 'b'Ss^'pef fbrmed at desi red frequencies' or frequency ranges - How- 
ever, a cornpehsation may be performed, e.g. at low frequencies only, 
which will move the error to Kighef frequencies j where problems due 
to poor matching are less severe. 

As shown in Figs. ^ and 5 there are two possible ways to combine the 
adaptive sensitivity matching circuit with the adaptive phase matching 
circuit. As will now be described in more detail the adaptive sensitivity 
matching circuit 9 as shown in Fig. 6, with input terminals i, j, output 
terminals k, I, and control terminals m, n comprises basically two level 
detectors 10 and 11 connected to control terminals m, n and hence to 
the output terminals k, I to determine the signar levels in the at least 
two microphone channels, followed by a parameter control circuit 12 
which performs some comparison of the two signal levels and determines 
in which way the gain of a controllable gain amplifier 13 should be 
adjusted to make the two signal levels as equal as possible. 

One other way of combining the two adaptive matching circuits is 
specifically shown In Fig. 5, in which the outputs of the adaptive 
phase matching circuit 1 are applied to the control terminals m, n 
of the adaptivF^. sensitivity matching circuit to introduce additionally 
the adaptively matched phase relationship into the adaptive sensitivity 
matching circuit as well. 

Also in the case of the adaptive sensitivity matching circuit 9 it may 
be of advantage to arrange filter means 1^4, 15 in front of the level 
detector means 10, 11. These filters could then be used to eliminate 
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any^ possible DC components, as vvejU It may; therj^fpre be desirable to 
select the, filters iji, 15. to foe uts^ on spe^:iftc fc9.g.iJen,cies (typically the 
low freauencies) . Any other selection for different frequency bands 
is equally possi^ble. " . -^ . _ . . . ^ , _ . ^ - . ^.^j. 

With this novel circui try iq accorda with ^the ^present invention, 
adaptive phase and sensitiYity matching. .cpM|d be. achieved without 
the need to use any additional signals, by^ using the acoustical signals 
being present at the microphones at any time. 



The objects of the invention, as recited in the opening pages, could 

all be achieved by the circuitry disclosed. 

'•'^■^ '.c-:- \. . ^Ti p'^i (ov- ;6t:T v I i; : cH e\ i^c.^of^ sr^^ 

.Ti;:;-. :j vx-'-x. ^' , -rori; ec:e-:-:T .^7 ^rx^3r :. ?j..:.^b 
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A T E N T '^'-C 1 A 1 M S 



o . 1. Hearing: aid with a cpntrallaWe; directional icharact^^^ 

. : "-.r having ;at;/!east;;two spaced apa^rt: !^ (Micl , Mtc2) 

' MjF : in at teast ^tjiVG) micriC>phone Gha/irrelsv at least one signal 

,c 'v^ 1 : ./ processing unit , -;a> least Gjne. putpuit transducer and a direc- 
.r;' ' tipnaj^ controlling system; , with imeans.v^f radapti^ 
( v; i ; -r- - F ithe charaoteristios of at least two' micropbones, characterized 

jr ' by an , adaptive; phsse matching ciretfit (T) jwith input termi- 

■ ■ u v: na^lg (3;^; h3 srrd' output:;terrrt!nals d) :::and inserted into 

;: "iO.;: /i: said at least tv^o mi cnopbbnerT channels, t^eoadaptive phase 

matching circuit (1) having its outputs (c, d) connected to 
: : r - an acoustical delay .:compensatson :m^ followed by a 

t^B^; - v. parameter ^eontrol- eSccuit ){3J . the is applied 

to a controllable filter means (AO JnsertedoJnto at least one 
of said at least two microphone channels inside said adaptive 
: i,': ^ : phase matching ; -circuit --j :^\ t i^- h. ... 

, : . . ;2.r ; Hearing aid |n^ aG<:ordance; wjth 4 , characterized in that 

filter means (5, 6) are provided in ^front of said acoustical 
delay compensation means (2). 

ric^/i ; :r''e:3^-; r^He^ing ajd-Jn G-rrv2, characterized in 

:v:onq iGr^-^n no >h9t said ^acpusitiGal d OTPans (2) with input 

o o ; -of c: v? iite^myinals: (e,;bf);•:And^^^Jtput>i^^ h> comprises a 

i?£ * v:; / ; parameter ;epnt^rro^:e^ delay 

iUi. ; ; smeans^ { 8Jb ip^serted s:3iid^'^t least two micro- 

'rz r.it n or Phone ; chani^eis ;be^^ and output terminals 
-vfi / lo: n-. pf acoustica[ ;delay:con)^^nsaticn .means 
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4. Hearing aid in accordance with claims 1 to 3, cinaracterized by 
the addition of an adaptive sensitivity matching circuit (9) in 
front of said adaptive phase matching circuit (1), being coupled 
tr. iiP ui td- said- ar least -t^^ fnicrbphdnes (Mici , Mie2) and the respective 
: ' microphoine cKSiinel^^^ (i, j), output 

:>/ ^ r .c : ?tenmlria!s ^:^fk,vf) and c^^^ (m, n), said adaptive 

'^ - feensidv^ty matching Girc^iit cb^^ microphone 
- ' , *^/chartne1> "and^idohneGted^^^^ coMrorterminals (m, n), level 

-s-ai., detector mearns (10, 11) fbllowfed by a- parameter control (12) 
' ^ : r: ritivfon cdmrollirvg a controlla (13) ari^anged in at 

; ) least one }of ^he'^ said- two mlcfophDne'chanRnels, to remove any 

;^i/;c V re idiffer^ncenitrrisensitivity safid at l^^st two microphones, 
o. :m r,. .i : lis , -i. 'C a /tri i^l --v;^ vr^:*■^7 ^ 

0 5. : - Hearing aid 'in-^accordarrce v^^^ 
f - cirr fiJter means - 15)i, arra^^^ level detector 

6. Hearing aid in accordahcfe with claims T to 5, characterized in 
that the output of said adaptive phase matching circuit (1) is 

' ^ :> ^^ tjc applied to- baid^ct)ritr^t^t^rnlfiaTs (m, ch> 6f said adaptive sensi- 
J h- r tfvity :^l^rcUit'(^iK^■^^ y^*^ i'^ ^ ^ ^ ; ^ 

7. Method of operation of a hearing aid with a controllable direc- 

'A :i r^; >*r ; tibrial char^cteoStie havrh^^at apart microphones 

• ^ -In at re^st-^^tV^-nft^i^roph^ one signal processing 

c unit, at'lera^"^§ne- 6'u^lJftj control 

' CO system -a^^ the phase of 

said-'St Fea^t tw#^'^ffiiclTO|1ihohes;^by^ applying- "the output signals 
of said': ^daptiv^<^ ph&se-^m^ acoustical delay 

compensatiGh-m^^hs for'^d^tep^ pefr^meter control value 

for controlling controllable filter means inserted into at least 
one of said at least two microphone channels inside of said same 
adaptive phase matching circuit. 
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k 8. 0 . Method jn aGcordance with claim 7 > char3is;terized by filtering 
:\,T, . -i said^p.utput signals of -sai-d adaptive phases matching circuit 
^ j:^ , befjQre ;,appiyiag tthe ;filtered output signal <to said acoustical 
delay compensation means. „ 

9 , .Method in accdcdahce ^vvith' claims '7 an:d 8 characterized by 
- : : feedij;)g back Ihe output^^^ acoustical delay compensation 

. .means- for determining updated ipanameter^^^values and using 
same to control xonlrollabre^ delay fme^hs'^^^^ inside the 

acoustical delay compensation means, in at least one of said at 
least two microphone channels between the respective input and 
output terminals. 

10. Method in accordance with claims 7 to 9 for matching the 
characteristics of the said at least two microphones of said 
at least two microphone channels with respect to their sen- 
sitivity and/or their phase relationship by applying the out- 
put signals of said at least two microphones to an adaptive 
sensitivity matching circuit followed by an adaptive phase 
matching circuit and feeding back the output signals of said 
adaptive sensitivity matching circuit to a control input of 
the said same adaptive sensitivity matching circuit. 

11. Method in accordance with claims 7 to 10, characterized by 
filtering the output signal of said adaptive sensitivity 
matching circuit before applying it to said control terminals 
of said same adaptive sensitivity matching circuit. 

12, Method in accordance with claim 10 or 11, characterized by 
filtering the said output signal of said adaptive sensitivity 
matching circuit for each microphone channel, applying the 
corresponding output signals each to a level detector and 
compare the two resulting levels, using the result of said 
comparison for adjusting and updating the gain in at least 
one of the said two microphone channels to achieve identity 
of the two signal levels. 
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13',. vr*M^thod in accordance ivyithr:t:f aim 10/: characterized by feeding 

, rr fe>ack tf>e output signal of said adaptive- phase matching circuit 
bi^r- :_tQr;Said control terminalsrbf.s3id-:adaptiv€i sensitivity matching, 
circuit. . ti i: - 

t . re V^*, Metbot^ in accordance with ctaimF 12, characterized by filtering 

:r, i.;,: i v^; the Qt;^^put signal of .sard adaptive phase riiatching circuit 

ic. ^ ' -5 s-^^:!:: befp.re .^pplying^it to cthe icontroi terminals"^ of said adaptive 

' : iaf5i toris sen$Kfev|t;yv^mratcWng circuit* 
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